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1. Introduction 
Studies on the questions concerning the origin of 
the complex phospholipids that constitute a basic 
component of the inner and outer membranes of 
mitochondria have recently been initiated in this labo- 
ratory. This research has shown that the energy-de- 
pendent incorporation in vitro of choline [ 1,2] and 
of serine [3] into phosphatidylcholine (lecithin) and 
phosphatidylserine respectively by rat liver mitochon- 
dria, is associated predominantly with the outer 
membrane [ 1,3,4]. 
An important consideration was to determine in an 
in viva system what influence the endoplasmic reti- 
culum and other intracellular factors might have on 
the apparent distribution between the two mem- 
branes of the incorporated choline. It is shown in this 
report that the specific radioactivity of choline in 
the lecithin component of the outer membrane six 
hours after administration of the phospholipid pre- 
cursor is approximately twice that of the inner mem- 
brane and is similar to that of the microsomes. These 
data in conjunction with prior in vitro data are inter- 
preted as being consistent with the view that mito- 
chondria can synthesise a proportion of their own 
lecithin. 
2. Methods and materials 
Two 16-hour starved rats (each weighing about 
200 g) were injected intraperitoneally each with 
12 PC 14C[Me] choline (2 IzC/mmole from New 
England Nuclear Corporation). The animals were sa- 
crificed 6 hours later, their livers pooled and the 
42 
mitochondria and microsomes prepared as previously 
described [4]. Subfractionation of the mitochondria 
by “swelling-shrinking” [S] and assays of monoamine 
oxidase and succinate cytochrome c reductase and of 
protein were also carried out as previously described 
[6]. The phospholipids were extracted from each 
fraction with chloroform-methanol (2 : 1) and subjec- 
ted to thin-layer chromatography [7]. The spots cor- 
responding to lecithin were scraped off the glass plate 
and the phospholipid separated from the silica with 
chloroform-methanol. Portions of the chloroform- 
methanol eluate were assayed after acid hydrolysis 
for phospholipid phosphorus [8] and for radioactivity 
by scintillation counting [3]. 
3. Results 
A time of 6 hours after injection of the precursor 
was chosen because maximal specific radioactivity of 
total mitochondrial phospholipid with respect to both 
14C and 32P is attained after this period [9]. Also 
r4C-choline is maximally incorporated in vivo into 
the lecithin component of the microsomes after about 
4 hours [lo]. 
Data from four experiments in which the specific 
radioactivity of choline into the lecithin component 
of the submitochondrial fractions from rat liver was 
measured are presented in table 1. The following con- 
clusions can be drawn from these data. First, of all the 
mitochondrial fractions, the specific radioactivity is 
highest in the outer membrane. On the basis of 
“pure” outer and “pure” inner membrane [6] the in- 
corporation into the outer membrane is calculated to 
be approximately twice that into the inner mem- 
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brane. Second, the distribution of radioactivity and 
monoamine oxidase (a marker for the outer mem- 
brane [ 111) in the various mitochondrial fractions 
are, as found in our in vitro studies [4] , approxi- 
mately parallel. Third, the specific radioactivity of 
the outer membrane is similar to that of the micro- 
somes. 
The data in table 2 show that when microsomes 
were placed on the gradient (see ref. [3] ) the frac- 
tions obtained all had specific radioactivities which 
were similar to that of the original microsomes. 
4. Discussion 
The presence in an in vivo system of such un- 
known parameters as size and intracellular distribu- 
tion of possible precursor pools, severely limit the 
interpretations which might be made from data of 
the type presented here. Also we cannot totally ex- 
clude the possibility that exchange of choline and 
not de nova synthesis of lecithin is being measured. 
In spite of these potential drawbacks however, it 
seems quite remarkable that the distribution of in- 
corporated choline between the two membranes of 
mitochondria (in the presence of the endoplasmic 
reticulum) is very similar to that found in our in 
vitro studies [ 1,4] . In those studies it was shown 
that contaminating microsomes contributed to less 
than 1% of the incorporation by mitochondria [ 1,4]. 
The data in table 2 suggest hat if contaminating 
microsomes in the mitochondria did contribute to 
the incorporation values obtained for the mitochon- 
drial fractions, the specific radioactivity of pure 
inner membrane would be even less than the values 
we have determined experimentally. Furthermore, 
the similarity in the ratio SR/MAO for the outer 
and inner membranes and its much lower value as 
compared to that for the microsomes (table 1), ex- 
cludes any major contribution by the microsomes. 
The ratio pg lecithin P/mg protein is highest in the 
outer membrane and lowest in the inner membrane 
while that for the microsomes lies between these 
two (see ref. [5]). 
These observations as a whole are consistent with 
the view that mitochondria can synthesise a propor- 
tion of their own lecithin. This view which is dif- 
ferent from that of some previous investigators [ 121, 
44 
Table 2 
Distribution in microsomes of choline incorporated into leci- 
thin in vivo. 
Fraction Specific radioactivity 
Untreated microsomes 
Band on top of gradient 
Band corresponding to outer 
483 
486 
membrane 
Band corresponding to inner 
496 
membrane 539 
Density gradient centrifugation of the microsome fraction 
was carried out exactly as for the mitochondria. The specific 
radioactivity (cpm per pg lecithin P) in each of the bands 
obtained was then measured. 
is strongly supported by the recent report that the 
enzymes in mitochondria responsible for the bio- 
synthesis of lecithin are associated with the outer 
membrane [ 131. 
It is of interest that the outer membrane of mito- 
chondria and the microsomes have similar specific 
radioactivities. More data of this nature should help 
provide a further enlightening on the question of the 
origin of mitochondria and on the possible relation 
of the outer membrane to the endoplasmic reti- 
culum. 
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